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(57) Abstract 



The instant invention in one embodiment is a process for producing a nanocomposite polymer by dispersing a polyvalent anionic 
organic edge coated quaternary ammonium intercalated multi-layered silicate material into a thermoplastic polymer. The process includes 
the step of mixing the polyvalent anionic polymer edge coated quaternary ammonium intercalated multi-layered silicate material with the 
thermoplastic polymer at a temperature greater than the melting or softening point of the thermoplastic polymer. The instant invention in 
another embodiment is a process for producing a nanocomposite polymer by dispersing a polyvalent anionic organic edge coated quaternary 
ammonium intercalated multi-layered silicate material into a thermoset polymer. The process of this embodiment includes the steps of: 

(a) mixing the polyvalent anionic organic edge coated quaternary ammonium intercalated multi-layered silicate material with a thermoset 
prepolymer, and (b) curing the thermoset prepolymer to set the thermoset polymer. The instant invention in yet another embodiment is a 
composition including (a) a polymer; and (b) a multi-layered silicate material dispersed in the polymer, the multi-layered silicate material 
having edges, at least a portion of the edges of the multi-layered silicate material being bound to a polyvalent anionic organic material. 
The instant invention in further yet another embodiment is a process for producing a nanocomposite polymer, including the steps of: (a) 
mixing a polyvalent anionic organic edge coated quaternary ammonium intercalated multi-layered silicate material with a monomer, and 

(b) polymerizing the monomer. 




FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


C6te d'Tvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







INTERNATIONAL SEARCH REPORT 



CRN^I 



PCT/US 99/25974 



A. CLA881HCA-nON OF SUBJECT UATTED . 

IPC 7 C08J3/20 C08K9/04 C08K9/08 



Aooonftig to International Patent ClagnHlr wlinn (IPC) of to bclh national dasaHloalten and IPC 



a FIELDS SEARCHED 



MnfenunoY>cumentaflonaeaiched (danMcaflon system Wowed by 

IPC 7 C08J C08K 



itlon symbols) 



Docunentedfonseejchedolh^ In Ihe fields searched 



Bectronfc data bets* consulted during the Intemaflonal search (name of data base and, wheropractksal.se^uchtennsused) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 Cttatton of document, with Indcatlon. where appropriate, of the relevant 



Relevant to daftm No. 



US 4 558 075 A (SUSS NAOMI R ET AL) 
10 December 1985 (1985-12-10) 
claims 1,2 

WO 93 04117 A (ALLIED SIGNAL INC) 
4 March 1993 (1993-03-04) 
claim 10 

EP 0 459 472 A (T0Y0DA CHUO KENKYUSHO KK) 
4 December 1991 (1991-12-04) 
claims 8-11 



10,12,13 



16-18 



□ 



Rvtrterdocumertoarelstedlnthe continuation of box C. 



10 



9 Special categories of cited documents : 

"A" dooumertitetkitoto9enenl4bBS*<*&6 artwhichte not 

considered to be of particular relevance 
"E a earlier document butpubtshed on or after the Intern at ional 

fling date 

X" document which may throw doubts on priority dalm(s)or 
wrtch to cited to establish the puWcdlcn date d aixrfher 
cttatfon or other special reason (as specified) 

"O" document referring to an oral dectoeure, use, exhfcrflon or 



"P* document pubtehedpric* to trw Mem fling date but 
later than the priority date dalmed 



T laterdocunterit published after the International fling < 
or priority date arxlrx* In cc*ifldwfth to appfcatton but 
ci ted to urKierstand the principle or theory underlying the 
Invention 

"X* document of particular relevance; theclaJmed Invention 
<samrt be considered rm^ or cejir^ to 
Involve an Inventive step vriientr>edocurnentls taken alone 

"V document of particular relevancy trwdalrned Invention 

camof becxxislderedtotrivofvean^ step when the 
docurnenttocombtoed wfthoneorinoreor^ such docu- 
ments, such combination bemg obvious to a person skflted 
lithe ait 

document member of the same patent famly 



Date of the actual completion of the IreteinationaJ search 



29 March 2000 



Date of maJIng of the International search report 



06/04/2000 



Name and mating address of the ISA 

European Patent Office* P.B. 5816 Patenflaan 2 
NL-2280HVRQswl|c 
Tel. (+31-70) 340-2040, Tx. 31 651 epora, 
Fax (+31-70) 340-3016 



Authorized officer 



Siemens, T 



Form PCT/18A/210 (ssoond ehs*t) (Jdy 1002) 



INTER^TIO 



^TIONAL SEARCH REPORT 

onpatantfanay 



PCT/US 99/25974 



Patent document 


PiftScatlon 


Patent famBy 


Ptftfcabon 


cted In search report 


date 


members) 


date 



US 4558075 



10-12-1985 



NONE 



WO 9304117 



04-03-1993 



AT 


159270 T 


15-11-1997 


CA 


2115255 A 


04-03-1993 


DE 


69222773 D 


20-11-1997 


DE 


69222773 T 


12-02-1998 


EP 


0598836 A 


01-06-1994 


JP 


2674720 B 


12-11-1997 


JP 


6504810 T 


02-06-1994 


WO 


9304118 A 


04-03-1993 


US 


5747560 A 


05-05-1998 



EP 0459472 


A 


04-12-1991 


JP 


2872756 B 


24-03-1999 








JP 


4033955 A 


05-02-1992 








DE 


69111696 D 


07-09-1995 








DE 


69111696 T 


25-01-1996 








US 


5164460 A 


17-11-1992 



F^PCT/T8^0(p«lM«lwnly«mx)(J(JylO«2) 




00/29467 W W PCT/US99/25974 

NANOCOMPOSiTE 

This invention relates to polymers reinforced with delaminated or exfoliated 
multi-layered silicates, that is, nanocomposite polymers. 

Nanocomposite polymers are compositions comprising a relatively high number 

5 (but relatively low weight) of preferably single layers of exfoliated silicate material dispersed in 
a given volume of continuous polymer matrix. United States Patent 5,717,000 to Seema V. 
Karande, Chai-Jing Chou, Jitka H. Sole and Kyung W. Suh, and United States Patent 
Application Serial Number 034,620 filed December 31 , 1996. As discussed in the '000 patent 
and as is well known in the art, nanocomposite polymers exhibit many increased physical 

10 property enhancements at a much lower weight percent of filler than conventionally filled 
polymers. Other United States Patents disclosing nanocomposites include 4,810,734 and 
3,516,959. Edge coating of multi-layer silicate material is known, see United States Patent 
4,434,075. 

However, it can be difficult to get the multi-layer silicate material to exfoliate 

15 into the polymer. 

The instant invention is a solution, at least in part, to the above stated 
problem. In one embodiment, the instant invention is a process for producing a 
nanocomposite polymer by dispersing a polyvalent anionic organic edge coated quaternary 
ammonium intercalated multi-layered silicate material into a thermoplastic polymer. The 

20 process comprises the step of: mixing the polyvalent anionic polymer edge coated 

quaternary ammonium intercalated multi-layered silicate material with the termoplastic 
polymer at a temperature greater than the melting or softening point of the thermoplastic 
polymer. 

The instant invention in another embodiment is a process for producing a 
25 nanocomposite polymer by dispersing a polyvalent anionic organic edge coated quaternary 
ammonium intercalated multi-layered silicate material into a thermoset polymer. The process 
of this embodiment comprises the steps of: (a) mixing the polyvalent anionic organic edge 
coated quaternary ammonium intercalated multi-layered silicate material with a thermoset 
prepolymer; and (b) curing the thermoset prepolymer to set the thermoset polymer. 

30 The instant invention in yet another embodiment is a composition comprising: 

(a) a polymer; and (b) a multi-layered silicate material dispersed in the polymer, the multi- 
layered silicate material having edges, at least a portion of the edges of the multi-layered 
silicate material being bound to a polyvalent anionic organic material. 

The instant invention in further yet another embodiment is process for 
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producing a nanocomposite polymer, comprising the steps of: (a) mixing a polyvalent anionic 
organic edge coated quaternary ammonium intercalated multi-layered silicate material with a 
monomer; and (b) polymerizing the monomer. 

Montmorillonite clay (a multi-layered silicate material) is stirred in water with an 
5 excess of 3,400 molecular weight sodium polyacrylate (a polyvalent anionic copolymer of 
mole ration 1 :1 of ethylene and acrylic acid) available from the Rhone-Poulenc Company to 
edge treat the clay. The edge treated clay is then stirred with an excess of a mixed 
quaternary ammonium compound (68 percent bis hydroxyethyl, dodecyl, methyl-quaternary 
ammonium compound and 32 percent bis hydroxy C-6 to C-9, dodecyl, methyl-quaternary 
10 ammonium compound) to produce a polyacrylate edge coated quaternary ammonium 
intercalated montmorillonite. The polyacrylate edge coated quaternary ammonium 
intercalated montmorillonite is washed with water and dried. Ninety five parts of ethylene 
adipate thermoplastic polyurethane (available from The Dow Chemical Company) is melted 
(or softened) in a polymer mixer at 160 degrees Celsius at 200 rpm. Five parts of the dried 
15 polyacrylate edge coated quaternary ammonium intercalated montmorillonite, as described 
above in this paragraph, is added to the mixer and mixed for five minutes. Transmission light 
microscopic examination of the product shows significantly fewer one hundred micrometer 
sized clay clusters relative to the use of non-edge coated material. Transmission electron 
microscopic examination of the product shows single and multiple layer exfoliation of the 
20 silicate layers of the montmorillonite. The layers are counted in a representative view. Most 
preferably, more of the layers are present as single layers than are present as multiple layers. 
In any event the dispersion of the layers into the polymer is improved using the instant 
invention relative to the use of a non-edge-coated material. 

Polyvalent anionic organic materials are organic chemicals that have more than 
25 one carboxylic acid or other anionic substituant such as a sulfonate or a phosphonate. 
Preferably, the polyvalent anionic organic material is a polyvalent anionic polymer. Most 
preferably, the polyvalent anionic organic material is polyacrylic acid. However, the specific 
polyvalent anionic organic material used in the instant invention is not critical and can include, 
without limitation thereto, for example, copolymers of styrene and acrylic acid or styrene and 
30 sulfoethylmethacylate. 

The above referred to '000 patent and the '620 patent application list 
exemplary multi-layered silicate materials required in the instant invention. For example, the 
multi-layered silicate material can be, without limitation thereto: montmorillonite; nontronite; 
beidellite; volkonskoite; hectorite saponite; sauconite; magadiite; medmontite; kenyaite; 

2 
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laponite, mica, fluoromica and vermiculite. The above referred to '000 patent and '620 patent 
application also lists exemplary onium or quaternary ammonium compounds required in the 
instant invention. For example, the onium compound can be, without limitation thereto, 
quaternary ammonium compounds having octadecyl, hexadecyl, tetradecyl or dodecyl 

5 moieties. However, the specific multi-layered silicate material or onium compound used in the 
instant invention is not critical. 

However, it should be understood that it is preferable to use polar substituted 
quaternary ammonium compounds with relatively polar polymers such as nylons and 
polyurethanes. Similarly, it is preferable to use non-polar substituted quaternary ammonium 

10 compounds with relatively non-polar polymers such as polypropylene and polyethylene. The 
terms "polar" and "non-polar" are used in their conventional sense. For example, a polar 
substituted quaternary ammonium compound is a quaternary ammonium compound having a 
hydroxy ethyl (C20H) or hydroxy hexyl (C60H) substituent(s) . 

The selection of a preferred quaternary ammonium compound is aided by 
15 comparing the electron photomicrographs of the nanocomposites made using the quaternary 
ammonium compounds being tested in the instant invention to determine which quaternary 
ammonium compound(s) give the greatest degree of exfoliation of the multi-layered silicate. 
Of course, physical property improvement of the nanocomposite v. the base polymer is the 
final objective of the instant invention but such improvement is often a function of the degree 
20 of exfoliation of the multi-layered silicate. 

In addition to mixing the polyvalent anionic organic quaternary ammonium 
intercalated multi-layered silicate material with a molten thermoplastic polymer, the instant 
invention also includes mixing the polyvalent anionic organic quaternary ammonium 
intercalated multi-layered silicate material with a monomer(s) or thermoset prepolymer(s) 
25 followed by the polymerization of the monomer(s)/prepolymer(s). 



3 



WO 00/29467 




PCT/US99/2S974 



1 . A process for producing a nanocomposite polymer by dispersing a 
polyvalent anionic organic edge coated quaternary ammonium intercalated multi-layered 
silicate material into a thermoplastic polymer, the process comprising the step of: mixing the 
polyvalent anionic polymer edge coated quaternary ammonium intercalated multi-layered 

5 silicate material with the thermoplastic polymer at a temperature greater than the melting or 
softening point of the thermoplastic polymer. 

2. The process of Claim 1 , wherein the thermoplastic polymer is selected from 
the group consisting of a thermoplastic urethane, a thermoplastic epoxy, a thermoplastic 
polyester, a thermoplastic nylon, a thermoplastic polycarbonate; and blends thereof. 

l0 3. The process of Claim 1 or Claim 2, wherein the polyvalent anionic organic 

edge coated quaternary ammonium intercalated multi-layered silicate material exfoliates to 
produce single layers of silicate material and multiple layers of silicate material, the weight 
percent of the single layers of silicate material being greater than the weight percent of the 
multiple layers of silicate material. 

15 4. The process of Claim 1 or Claim 3, wherein the thermoplastic polymer is 

a blend of thermoplastic polymers. 

5. A process for producing a nanocomposite polymer by dispersing a 
polyvalent anionic organic edge coated quaternary ammonium intercalated multi-layered 
silicate material into a thermoset polymer, the process comprising the steps of: 

20 (a) mixing the polyvalent anionic organic edge coated quaternary ammonium 

intercalated multi-layered silicate material with a thermoset prepolymer; 

(b) curing the thermoset prepolymer to set the thermoset polymer. 

6. The process of Claim 5, wherein the thermoset polymer is selected from 
the group consisting of a thermoset epoxy, a thermoset phenolic, a thermoset urethane, a 

25 thermoset rubber and blends thereof. 

7. The process of Claim 5 or Claim 6, wherein the polyvalent anionic organic 
edge coated quaternary ammonium intercalated multi-layered silicate material exfoliates in 
step (a) to produce single layers of silicate material and multiple layers of silicate material, 
the weight percent of the single layers of silicate material being greater than the weight 

30 percent of the multiple layers of silicate material. 

8. The process of Claim 5 or Claim 7, wherein the thermoset polymer is a 
blend of thermoset polymers. 
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9. The process of Claim 1 , wherein the thermoplastic polymer is selected 
from the group consisting of polypropylene, polyethylene, polystyrene, polystyrene 
copolymers, acrylic polymers, acetyl polymers and thermoplastic elastomers and blends 
thereof. 

5 10. A composition comprising: 

(a) a polymer; and 

(b) a multi-layered silicate material dispersed in the polymer, the multi-layered 
silicate material having edges, at least a portion of the edges of the multi-layered silicate 
material being bound to a polyvalent anionic organic material. 

10 11. The composition of Claim 1 0, wherein at least about one half of the edges 

of the multi-layered silicate material are bound to the polyvalent anionic organic material. 

12. The composition of Claim 1 0 or Claim 1 1 , wherein the polymer is 
selected from the group of thermoplastic polymers and thermoset polymers and blends 
thereof. 

15 13. The composition of Claim 12, wherein the thermoplastic polymers and 

thermoset polymers are selected from the group consisting of a thermoplastic urethane, a 
thermoplastic epoxy, a thermoplastic polyester, a thermoplastic nylon, a thermoplastic 
polycarbonate, polypropylene, polyethylene, polystyrene, polystyrene copolymers, acrylic 
polymers, acetyl polymers, thermoplastic elastomers, thermoset epoxy, a thermoset phenolic, 

20 a thermoset urethane, a thermoset rubber and blends thereof. 

14. The process of Claims 1-9, wherein the polyvalent anionic organic is a 

poly aery late. 

15. The composition of Claims 10-13, wherein the polyvalent anionic organic 
is a polyacrylate. 

25 1 6. A process for producing a nanocomposite polymer, comprising the steps 

of: 

(a) mixing a polyvalent anionic organic edge coated quaternary ammonium 
intercalated multi-layered silicate material with a monomer; and 

(b) polymerizing the monomer. 

30 1 7. The process of Claim 1 6, wherein the monomer is a blend of monomers. 

1 8. The process of Claim 1 6, wherein the polymer is selected from the group 
consisting of a thermoplastic urethane, a thermoplastic epoxy, a thermoplastic polyester, a 
thermoplastic nylon, a thermoplastic polycarbonate, polypropylene, polyethylene, polystyrene, 
polystyrene copolymers, acrylic polymers, acetyl polymers, thermoplastic elastomers, 



